Two Lactobacillus strains isolated from rye sourdough most closely resemble Lactobacillus oris on the basis of their physiological, morphological, and chemotaxonomic characteristics. A 16s ribosomal DNA sequence analysis showed that these two strains clustered with, but were separate from, L. oris, Lactobacillus vaginalis, and Lactobacilluspontis. The results of DNA-DNA hybridization experiments indicated that the new two isolates represent a new Lactobacillus species, for which we propose the name Lactobacillus panis; strain DSM 6035T is the type strain of this species.
Traditionally, one-stage processes or processes involving several stages and fermentation times of between 3 and 48 h are used to manufacture rye sourdough (18) . A one-stage process with an exceptionally long souring period of 5 days was developed in 1977 (13) , and the microflora involved in this process was investigated by Strohmar and Diekmann (20) . However, physiological, morphological, and chemotaxonomic characterization of the Lactobacillus strains isolated did not lead to unambiguous species assignments. In this study two strains from the study of Strohmar and Diekmann (20) were selected for further analysis of their systematic positions. In order to obtain precise identification and phylogenetic placement, the experiments performed previously were repeated and sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) of soluble proteins, 16s ribosomal DNA (rDNA) sequencing, and DNA-DNA-hybridization were also performed.
(25).

MATERIALS AND METHODS
Organisms and growth conditions. The strains were maintained as stab cultures on modified MRS agar, which contained (per liter) 10 g of bacteriological peptone (Difco), 3 g of Lab-Lemco Powder (Difco), 5 g of yeast extract, 4 g of glucose, 0.4 g of maltose, 0.5 g of cysteine, 5 g of sodium acetate * 3H,O, 2 g of citric acid (diammonium salt), 2 g of K,HPO,, 0.1 g of MgS04 7H20, 0.04 g of * Corresponding author.
MnSO, -H,O, 1 g of Tween 80, and 15 g of agar. The pH was adjusted to 6.4 with 32% HCI. The cultures were incubated for 2 to 3 days at 37°C. The strains were stored at 4°C and were transferred to fresh medium monthly (20). The two isolates obtained (strains lT [T = type strain] and 50 [20] ) were deposited in the DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany, as strains DSM 6035T and DSM 6036, respectively. The type strains used in comparative analyses were provided by the DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH. To isolate DNA, cells were grown in MRS-bouillon (Merck) supplemented with 0.5 g of L-cysteine per liter and 20 mM DL-threonine and were harvested by centrifugation in the late exponential phase.
Physiological characterization. The tests used to determine Gram staining characteristics, cell wall peptidoglycan content, catalase activity, the lactate isomer present, gas production, and arginine hydrolysis were performed by using previously described methods (20) . Sugar fermentation patterns were determined by using an API 50 CH system in anaerobic jars.
Isolation of DNA. To isolate DNA, we used a modified Marmur procedure (22). DNA was purified as described previously, except that the last steps of the procedure were modified as follows: crude DNA was incubated with RNase A (80 pg/ml) at 37°C for 3 h; then 75 pg of proteinase K per ml was added and the mixture was incubated overnight. After the final precipitation, the DNA was dissolved in sterile double-distilled water. DNA base composition was determined by the high-performance liquid chromatography (HPLC) method (23) by using wild-type lambda phage DNA (Boehringer, Mannheim, Germany) as the standard.
16s rDNA sequencing. Genomic DNA extraction, PCR-mediated amplification of the 16s rDNA, and purification of the PCR products were carried out as described previously (16, 17) . Purified PCR products were sequenced by using a Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems, Weitherstadt, Germany) as directed by the manufacturer. Sequence products were electrophoresed by using an Applied Biosystems model 373A DNA sequencer. The 16s rDNA sequences were aligned manually with the sequences of representatives of the genus Lactobacillar.
Pairwise evolutionary distances were computed by using the correction of Jukes and Cantor (11). The least-squares distance method of De Soete (4) was used to construct a phylogenetic dendrogram from distance matrices. Only positions which were unambiguous in all of the strains compared were included in the phylogenetic analysis.
DNA-DNA hybridization. DNA-DNA hybridization rates were determined by obtaining thermal renaturation rates (3) with a Gilford model 2600 spectrophotometer equipped with a Gilford model 2527 thermoprogrammer and a HewlettPackard model 7225B plotter. The DNA was dialyzed against 2X SSC (1 X SSC is 150 mM NaCl plus 15 mM sodium citrate), fragmented, and dissolved in 2X SSC (7) to a final concentration of 50 pg/ml (10). The DNA solutions were heated in cuvettes at 80 to 102°C (the temperature was increased l"C/min) to denature them and were kept at 102°C for 5 min. Then, the DNA was cooled to the optimum renaturation temperature (3) kept at this temperature for 30 to 40 min. The slope of a 20-to 30-min interval during the linear renaturation phase was graphically determined from the A2,,plot and was used to calculate levels of complementarity (percentages of reassociation).
Protein pattern analysis. Soluble cell proteins were extracted and SDS-PAGE was performed as described by Vogel et al. (25) . Before the gels were electrophoresed, the protein concentration in each extract was adjusted to 100 &ml. The gels were stained with silver stain by using the technique described by Blum et al. (1) and were compared visually. Determined by the thermal denaturation method.
Plasmid assay. The plasmid contents of the new strains were determined by
The SDS-PAGE protein patterns revealed that strains DSM using the miniprep method described by O'Sulhan and Klaenhammer (14). For cell lysis, the use of mutanolysin was crucial. Plasmid size was estimated by comparing the relative running distances obtained with the running distances of the plasmids of Lactococcus lactis DSM 4643, which were used as standards.
Agarose gels were stained with SYBR Green I (Molecular Probes, Inc., MoBiTec, Gottingen, Germany) instead of ethidium bromide by following the manufacturer's instructions. Nucleotide sequence accession numbers. The 16s rDNA sequences of strains DSM 6035= and DSM 4864T have been deposited in the EMBL database under accession numbers X94230 and X94229, respectively. 6035T and DSM 6036 were similar to each other than to the type strains Of the 'pecies that are most chemotaxOnOmiCally (L. Oris, L. Vaginalis, L. pontis, L. reuten', and L. bvevis) (Fig. 1) .
RESULTS
Chemotaxonomic characterization. The occurrence of arginine hydrolysis and the cell wall peptidoglycan, growth temperatures, and physiological characteristics of the new strains indicated that they are very similar to Lactobacillus oris. This was confirmed by the G + C content of the DNA, which was 1 mol% lower than the value reported for the L. oris type strain. However, there were slight differences in the sugar fermentation patterns of the new strains and L. oris, and there were also differences between the strains, but these differences alone do not justify establishment of a new species. The characteristics Phylogenetic position. We determined the almost complete 16s rDNA sequences of strains DSM 6035T and DSM 6036 (>95% of the corresponding Escherichia coli sequence). We also determined the 16s rDNA sequence of L. oris DSM 4864T because of the high number of ambiguous bases in the original sequence deposited in the EMBL database. Figure 2 shows the phylogenetic position of strain DSM 6035T within the cluster composed of L. oris, L. vaginalis, L. pontis, and L. reuteri. It is clear from both the phylogenetic dendrogram and the 16s rDNA similarity values ( Table 2 ) that strain DSM 6035T is most closely related to L. oris (level of sequence similarity, 98.3%). The 16s rDNA sequence of strain DSM 6036 was identical to that of strain DSM 6035T. Levels of 16s rDNA similarity higher than 97% were found for strains DSM 6035T and DSM 6036 and for the species L. oris, L. pontis, and L. vaginalis.
DNA-DNA hybridization experiments were performed with these organisms. A high level of DNA relatedness (92%) was found when we used isolates DSM 6035T and DSM 6036. The levels of reassociation with L. oris, L. pontis, and L. vaginalis were lower, ranging from 54 to 34% (Table 3) .
We detected three plasmids (approximate sizes 10, 16, and 40 kbp) in strain DSM 6035T and no plasmids in strain DSM 6036. L. oris DSM 4864T also contained a 40-kbp plasmid, and Lactobacillus vaginalis DSM 5837T contained a 56-kbp plasmid, while L. pontis DSM 8475* contained four plasmids (7.8, 9, 12, and 13 kbp).
DISCUSSION
Our phenotypic characterization of two new Lactobacillus strains indicated that these organisms are most similar to L. oris but not identical to this species. When soluble protein patterns were used as additional markers, they confirmed that the new strains were more similar to each other than to any other phenotypically similar type strain. A simple visual comparison was appropriate for this purpose.
According to the recommendations of the Ad Hoc Committee on Reconciliation of Approaches to Bacterial Systematics, the phylogenetic definition of a species includes "strains with approximately 70% or greater DNA-DNA relatedness'' (26) . Values of >70% are normally found with strains that exhibit levels of 16s rDNA similarity of more than 97% (19). Following these recommendations, after phenotypic characterization we determinated the 16s rDNA sequences and calculated the levels of similarity to other species. The next step was to investigate the levels of DNA-DNA relatedness to the species with which the new strains exhibited more than 97% 16s rDNA similarity. A high level of DNA-DNA relatedness between the two new Lactobacillus isolates, in contrast to only low to moderate levels of relatedness to previously described species, provided evidence that a new species should be established. The DNA-DNA hybridization results are consistent with the 16s rDNA-based dendrogram and the phenotypic characteristics, which show that the most closely related species is L. oris. 16s rDNA analysis has been shown to be a useful tool for differentiating Lactobacillus species (2, 15). 
